Purpose: To detect the underlying genetic defect in a family with three members in two generations affected with bilateral congenital cataract. Methods: Detailed family history and clinical data were recorded. Mutation screening in the candidate genes, αA-crystallin (CRYAA), βA1-crystallin (CRYBA1), βB2-crystallin (CRYBB2), γA-γD-crystallins (CRYGA, CRYGB, CRYGC, and CRYGD), connexin-46 (GJA3), and connexin-50 (GJA8), was performed by bidirectional sequencing of the amplified products. Results: Affected individuals had "balloon-like" cataract with prominent Y-sutural opacities. Sequencing of the candidate genes showed a heterozygous c.262C>A change in the gene for connexin 50 (GJA8), which is localized at 1q21, that resulted in the replacement of a highly conserved proline by glutamine (p.P88Q). This sequence change was not observed in 96 ethnically matched controls.
same cataract family and reported a missense mutation in codon 88 of the connexin 50 (GJA8) gene at 1q21 [10] , leading to the substitution of proline by serine (p.P88S). Here, we report a cataract family of Indian origin with three affected members in two generations with a proline to glutamine mutation of the same codon (p.P88Q) but with balloon-like cataract with prominent Y-sutural opacities. Now, more than a dozen different mutations in GJA8 associated with different cataract phenotypes have been identified (Table 1) .
METHODS

Family description:
The proband, a seven-year-old male child, was diagnosed with bilateral cataract. The family history revealed three affected members in two generations ( Figure 1 ). The ophthalmologic examination, including slit lamp examination, was performed on a total of four members of this family; the father ( Figure 1 ; II:3), who had a history of cataract extraction in childhood, and two of his bilaterally affected children ( Figure 1 ; III:1 and III:2). The proband's mother ( Figure 1 ; II:4) was diagnosed as unaffected. Mutation analysis: Informed consent was obtained for each individual studied. This study was approved by the ethics review board of the Guru Nanak Dev University (Amritsar, Punjab, India), consistent with the provisions of the Declaration of Helsinki. Blood was drawn and DNA isolated using method of Adeli and Ogbonna [11] . Mutation screening was performed in the exonic regions of the following candidate genes: CRYAA (21q22.3; GenBank NM_000394), CRYBA1 (17q11-q12; GenBank NM_005208), CRYBB2 (22q11.2; GenBank NM_000496), CRYGA (2q33-q35; GenBank NM_014617), CRYGB (2q33-q35; GenBank NM_005210), CRYGC (2q33-q35; GenBank NM_020989), CRYGD (2q33-q35; GenBank NM_006891), GJA3 (13q11-q13; GenBank NM_021954), and GJA8 (1q21-q25; GenBank NM_005267). The coding regions and exon-intron boundaries of the candidate genes were amplified using previously published primer sequences [10, [12] [13] [14] [15] [16] . Genomic DNA from all three affected and one unaffected individual was amplified. Purified polymerase chain reaction (PCR) products were sequenced bidirectionally with ABI BigDye This table provides information on specific mutations identified in different domains and regions of connexin 50 in association with congenital cataract in families belonging to different ethnic groups. Most of these mutations are missense mutations, and the cataract phenotypes are zonular/nuclear pulverulent type with powdery dust like opacities. However, the phenotype balloonlike cataract with Y-sutural opacities linked with p.P88Q substitution observed in present family had no pulverized dust like opacities in the lens. The feathery opacities in between the Y-sutural opacities and three riders at the perimetry of the opaque fetal nucleus are very much prominent in the affected lenses in the present family.
formamide and 25 mM EDTA with blue dextran [50 mg/ml]), denatured at 95 °C for 5 min, and electrophoresed on 4% denaturing polyacrylamide gels on the DNA sequencer (ABIPrism 377; Applied Biosystems). Sequencing results were assembled and analyzed using the SeqMan II program of the Lasergene package (DNA STAR Inc., Madison, WI).
RESULTS
Phenotype description:
Slit lamp examination of the lenses in affected individuals (III:1, III:2) showed that the cataract affected the fetal nucleus with additional changes on its surface. The fetal nucleus appeared semi-opaque. The Ysutures on the anterior surface seem sharp and narrow ( Figure  2A) . In between the Y-sutures, there appeared feathery opacities extending up to three-fourths of the length of the Ysutures. Along the perimeter of the fetal nucleus, three prominent riders were present. The posterior Y-sutures were not clearly seen through the anterior central feathery opacification, but its presence is in no doubt. Inside the semiopaque fetal nucleus, there appeared no opacities.
Mutation screening: Bidirectional sequencing of the coding regions of the candidate genes showed a heterozygous change, C>A (Figure 3) , at position 262 (c.262 C>A) in GJA8 in all three affected individuals. This substitution was not seen in the unaffected mother or in 96 unrelated control subjects (192 chromosomes) from the same North Indian population as tested by bidirectional sequence analysis (data not shown). 2), who was diagnosed as bilaterally affected with congenital cataract at the age of seven years, is indicated with an arrow. His elder sister (III:1) was diagnosed with bilateral cataract when she was six years old. The affected father (II:3) of these children underwent cataract extraction in both of his eyes in the first decade of his life.
The substitution replaces an evolutionarily highly conserved proline by glutamine at amino acid position 88 (p.P88Q) in the second α-helical transmembrane domain 2 (M2) of connexin 50.
DISCUSSION
Connexins are integral membrane proteins with four transmembrane domains, two extracellular loops, and an intracellular loop with both NH2-and COOH-termini localized in the cytoplasm. In humans, at least 20 connexins classified into three families are known [17, 18] . Connexin 46 and connexin 50 are responsible for joining the lens cells into a functional syncytium. In addition, connexin 50 is also important for lens growth [19] . The observed p.P88Q substitution is centrally located within the second α-helical transmembrane domain (M2) of connexin 50 and replaces the highly conserved hydrophobic proline by the non-polar glutamine at position 88, in association with the congenital cataract in the present family. The same mutation was seen in a British family. However, this mutation was associated with lamellar pulverulent cataract [20] . In another family of English descent, a mutation of the same codon lead to the substitution of proline by serine (p.P88S), which is associated with nuclear pulverulent cataract, characterized by innumerable powdery opacities located in the nuclear (central) and perinuclear (lamellar) zones of the lens [8, 10] . Further, functional analyses revealed that mutants p.P88S and p.P88Q act as dominant negative inhibitors and significantly decreases the activity of co-expressed wild type connexin 50 [20, 21] .
Mutations in connexin 46 and connexin 50 have been reported to be linked with cataractogenesis in humans as well as in mice. In humans, over a dozen mutations in each connexin 46 and connexin 50 gene have so far been detected in association with congenital cataract [2, 7] and significant interfamilial phenotypic variability. The phenotype in most cases with mutations in connexin 46 and connexin 50 has been described as zonular/nuclear pulverulent cataract [3, 5, 7] . The cataract phenotype in the present family differs from these as no "pulverized" dust-like opacities are seen in the lens (Table  1) . It also differs from the British family with the identical mutation [20] , which showed linear dense vertical opacities inside the fetal nucleus with the embryonic nucleus remaining clear and without sutural opacities ( Figure 2B ). In the present family, Y-sutural opacities are very prominent, comparable with the p.V79L mutation in the second transmembrane domain (M2) of connexin 50, which is linked with "full moon" like cataract with Y-sutural opacities (Table 1) Indian family having 15 affected members in three generations reported previously by us [22] .
In summary, we describe a heterozygous p.P88Q mutation in connexin 50 that showed marked phenotypic differences to previously reported cases affecting the same codon. Thus, variants in other genes might act as modifiers of the cataract phenotype.
